Targeted gene therapy in human-induced pluripotent stem cells from a patient with primary hyperoxaluria type 1 using CRISPR/Cas9 technology.
Primary hyperoxaluria type 1 (PH1) is an inherited metabolic disorder caused by a deficiency of the peroxisomal enzyme alanine-glyoxylate aminotransferase (AGT), which leads to overproduction of oxalate by the liver and results in urolithiasis, nephrocalcinosis and renal failure. The only curative treatment for PH1 is combined liver and kidney transplantation, which is limited by the lack of suitable organs, significant complications, and the life-long requirement for immunosuppressive agents to maintain organ tolerance. Hepatocyte-like cells (HLCs) generated from CRISPR/Cas9 genome-edited human-induced pluripotent stem cells would offer an attractive unlimited source of autologous gene-corrected liver cells as an alternative to orthotopic liver transplantation (OLT). Here we report the CRISPR/Cas9 nuclease-mediated gene targeting of a single-copy AGXT therapeutic minigene into the safe harbour AAVS1 locus in PH1-induced pluripotent stem cells (PH1-iPSCs) without off-target inserts. We obtained a robust expression of a codon-optimized AGT in HLCs derived from AAVS1 locus-edited PH1-iPSCs. Our study provides the proof of concept that CRISPR/Cas9-mediated integration of an AGXT minigene into the AAVS1 safe harbour locus in patient-specific iPSCs is an efficient strategy to generate functionally corrected hepatocytes, which in the future may serve as a source for an autologous cell-based gene therapy for the treatment of PH1.